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(54) Aluminum alloy and method for manufacturing aluminum-alloy member 



(57) The invention offers an aluminum alloy that not 
only has high hardness accompanied by balanced duc- 
L'lty but also has high toughness and superior process- 
ability. The invention also offers a method for manufac- 
turing an aluminum-alloy member that not only has high 
hardness accompanied by balanced ductility but also 
r as high toug-ness and superior processability. The 
a jminum alio, comprises (1) not iess than 0.1 wt % 
and not more ran 8 wt. % Constituent A comprising one 
c more kinds :*' elements selected from the group con- 
s sting of titar vanadium, hafnium, and zirconium. 
2 not less ths* 0.1 wt. % and not more than 20 wt. % 



Constituent B comprising one or more kinds of elements 
selected from the group consisting of lanthanum, ceri- 
um, praseodymium, neodymium, mischmetal, caicium, 
strontium, and barium, and (3) not less than 0.1 wt. % 
and not more than 20 wt. % Constituent C comprising 
one or more kinds of elements selected from the group 
consisting of magnesium and lithium optionally further 
comprising not less than 0. 1 wt.% and not more than 5wt. 
% Constituent D comprising one or more kinds of ele- 
ments selected from the croup consisting of niobium, 
molybdenum, silver, iron, cobalt, tantalum, and tung- 
sten. In a second aspect the Al-alloy comprises the con- 
stituents D, B and C in the above specified amounts. 
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Description 

[0001] The present invention relates to an aluminum alloy and a method for manufaciunng an alum.- jm-alloy mem- 
ber and, more particularly, to an aluminum alloy combining good forgeability and higr nard.ness a-: a method for 
manufacturing an aluminum-alloy member combining good forgeability and high hardness. 

[0002] High-strength aluminum alloys have been in use in recent years that are produced by adoptr.g a rapid solid- 
ification technique. 

[0003] For instance, a published Japanese patent application Tokukaihei 1-275732 has disclosed ir.at rapid solidifi- 
cation of a multi-element alloy expressed by a general formula Al a M b X c produces a nanocrystaUine aluminum alloy 
having such mechanical properties as a tensile strength of 853 to 1 .009 MPa, a yield strength of 804 :z 941 MPa, and 
a hardness HV of 200 to 1,000. In the above formula Al a M b X c , (D "M" means one or -ore kinds c' metal elements 
selected from the group consisting of chrome(Cr), manganese(Mn). iron(Fe), cobalt(Co ; . nickel(Ni). copper(Cu), zir- 
conium(Zr), titanium(Ti), magnesium(Mg), and silicon(Si), (2) "X" means one or more krcs of metal elements selected 
from the group consisting of yttrium(Y), lanthanum(la), cerium(Ce). samarium(Sm). -eodymium(No,. niobium(Nb). 
and mischmetal(Mm), and (3) "a", "b", and "c" mean an atomic percent, "a" lying in the range of 50 to 95 atm. %, "b" 
in the range of 0.5 to 35 atm. %, and V 0.5 to 25 atm. %. 

[0004] Another published Japanese patent apolication Tokukaihei 6- 184 71 2 has disclosed an alumr jm alloy having 
the composition expressed by a general formula Al a Ln b M c , where 0 ) "Ln" means one or more kinds c' metal elements 
selected from the group consisting of mischmetal, yttrium, lanthanum, cerium, samanu.m, neodymi<,m, hafnium, nio- 
bium, and tantalum, (2) "M" means one or more kinds of metal elements selected from the group consis: .ng of vanadium, 
chrome, manganese, iron, cobalt, nickel, copper, zirconium, titanium, molybdenum, tu-.gsten. calcium, lithium, mag- 
nesium, and silicon, and (3) "a", "b". and "c" mean an atomic percent, "a" lying in the range of 50 to 97.5 atm. %, "b M 
in the range of 0.5 to 30 atm. %, and "c" 0.5 to 30 atm. %. The aluminum alloy is a rabidly solidifiec aluminum alloy 
that has a cellular composite structure in which 5 to 50 vol. % amorphous phases suround nanocrystaUine phases. 
The aluminum alloy is subjected to plastic working at a temperature higher than the crystallization temperature of the 
amorphous phase. Intermetallic compounds comprising two or more kinds of the abcve-described Ai. "Ln", and "M" 
are dispersed in the nanocrystaUine matrix to form a structure having such mechanical properties as a tensile strength 
of 760 to 890 MPa and an elongation of 5.5 to 9.0%. 

[0005] However, the aluminum alloy disclosed in the application Tokukaihei 1-275732 has poor ductility and tough- 
ness, though it has very high tensile strength and hardness. Because this lack of sufficient ductility and toughness 
allows easy generation of cracks at the time of processing such as forging and upsetting, it is difficult to perform near- 
net-shape forging with complicated shapes. 

[0006] When forging is carried out by exploiting its superplasticity resulting from its nanocrystallinirv. it is possible to 
impart complicated shapes. However, its poor ductility and toughness requires prolcnged time for a single step of 
forging, causing a problem of reduced production efficiency, and hence an increase in manufacturing costs. Such a 
problem becomes serious when forming ornamental components that require complicated, fine shaoes such as em- 
bossed letters on the surface. 

[0007] Although the aluminum alloy disclosed in the application Tokukaihei 6-1 847 '2 ensures a :ertain amount of 
ductility, it does not have sufficient mechanical oroperties to undergo near-net-shape feeing with coroiicated shapes. 
In addition to that, because it uses material powders in which amorphous layers are formed, the. r e is a problem of 
increased material cost. 

[0008] The present invention is aimed at solving the above-described problems. Ar object of the :*esent invention 
is to offer an aluminum alloy that not only has high hardness accompanied by balanced ductility zjx also has high 
toughness and superior processability. 

[0009] Another object of the present invention is to offer a method for manufacturing an aluminum-a oy member that 
not only has high hardness accompanied by balanced ductility but aiso has high tough- ess and supe~ or processability. 
[0010] The first aspect of the present invention offers an aluminum alloy that composes (1) not less than 0.1 wt. % 
and not more than 8 wt. % Constituent A comprising one or more kinds of elements se acted from the group consisting 
of titanium (Ti), vanadium (V), hafnium (Hf). and zirconium (Zr). (2) not less than 0.1 % and no: more than 20 wt. 
% Constituent B comprising one or more kincs of elements selected from the grou: consisting c*' .anthanum (La), 
cerium (Ce). praseodymium (Pr), neodymium (Nd), mischmetal (Mm), calcium (Ca). s:rontium (SO. and barium (Ba). 
and (3) not less than 0.1 wt. % and not more than 20 wt. % Constituent C comprising one or more «^ ids of elements 
selected from the group consisting of magnesium (Mg) and lithium (Li). 

[0011] The second aspect of the present invention offers anotner aluminum alloy 'rat comprises 1) not less than 
0.1 wt. % and not more than 5 wt. % Constituent D comprising one or more kinds of e ements seler.e d from the group 
consisting of niobium (Nb), molybdenum (Mo), silver (Ag), iron (re), cobalt (Co), tanta' jm (Ta), anc :jngsten (W), (2) 
not less than 0.1 wt. % and not more than 20 wt. % Constituent 3 comprising one or more kinds of e ements selected 
from the group consisting of lanthanum (La), cerium (Ce), praseodymium (Pr). neoc .mium (Nd). -.schmetal (Mm). 
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calcium (Ca), strontium (St), and barium (Ba), and (3) not less than 0.1 wt. % and not more than 20 wt. % Constituent 
C comprising one or more kinds of elements selected from the group consisting of magnesium (Mg) and lithium (Li) 
[001 2] The third aspect of the present invention offers a method for manufacturing an aluminum-alloy member made 
of the following aluminum alloy: The aluminum alloy comprises (1 ) not less than 0.1 wt. % and not more than 8 wt. % 

5 Constituent A comprising one or more kinds of elements selected from the group consisting of titanium (Ti), vanadiurr. 
(V), hafnium (Hf). and zirconium (Zr), (2) not less than 0.1 wt. % and not more than 20 wt. % Constituent B comprising 
one or more kinds of elements selected from the group consisting of lanthanum (La), cerium (Ce). praseodymium (Pr ; 
neodymium (Nd), mischmetal (Mm), calcium (Ca), strontium (St) ; and barium (Ba). and (3) not less than 0.1 wt. % anc 
not more than 20 wt. % Constituent C comprising one or more kinds of elements selected from the group consisting 

10 of magnesium (Mg) and lithium (Li). First, a preform comprising the aluminum alloy is produced. Next, the preform :s 
heated up to a temperature not lower than 200 °C and not higher than 600 : C at a temperature rising rate of not less 
than 2 °C/sec and not more than 200 c C/sec. Then, the heated preform is subjected to hot-working. 
[0013] The fourth aspect of the present invention offers a method for manufacturing an aluminum-alloy membe* 
made of the following aluminum alloy: The aluminum alloy comprises (1) not less than 0.1 wt. % and not more than 5 

15 wt. % Constituent D comprising one or more kinds of elements selected from the group consisting of niobium (Nb. 
molybdenum (Mo), silver (Ag), iron (Fe), cobalt (Co), tantalum (Ta), and tungsten (W). (2) not less than 0.1 wt. % anc 
not more than 20 wt. % Constituent B comprising one or more kinds of elements selected from the group consisting 
of lanthanum (La), cerium (Ce), praseodymium (Pr), neodymium (Nd), mischmetal (Mm), calcium (Ca), strontium (St,, 
and barium (Ba), and (3) not less than 0.1 wt. % and not more than 20 wt. % Constituent C comprising one or more 

20 kinds of elements selected from the group consisting of magnesium (Mg) and lithium (Li). First, a preform comprising 
the aluminum alloy is produced. Next, the preform is heated up to a temperature not lower than 200 C C and not highe- 
than 600 °C at a temperature rising rate of not less than 2°C/sec and not more than 200-C/sec. Then, the heatec 
preform is subjected to hot-working. 

[0014] The first to fourth aspects of the present invention offer an aluminum alloy that not only has high hardness 
25 accompanied by balanced ductility but also has high toughness and superior processability and a method for manu- 
facturing an aluminum-alloy member that not only has high hardness accompanied by balanced ductility but also has 
high toughness and superior processability. 

[0015] The first aspect of the present invention offers an aluminum alloy that comprises (1) not less than 0.1 wt. c --. 
and not more than 8 wt. % Constituent A comprising one or more kinds of elements selected from the group consisting 

30 of titanium (Tl), vanadium (V), hafnium (Hf), and zirconium (Zr), (2) not less than 0.1 wt. % and not more than 20 wt. 
% Constituent B comprising one or more kinds of elements selected from the group consisting of lanthanum (La;, 
cerium (Ce), praseodymium (Pr), neodymium (Nd), mischmetal (Mm), calcium (Ca), strontium (St), and barium (Ba;. 
and (3) not less than 0.1 wt. % and not more than 20 wt. % Constituent C comprising one or more kinds of elements 
selected from the group consisting of magnesium (Mg) and lithium (Li). 

35 [0016] Such a composition facilitates the formation of complicated shapes because it reduces the strength of the 
aluminum alloy in the temperature range for processing. This reduces the number of times of forming (forging) unt\ 
the last shape in comparison with the conventional products, and therefore reduces the processing cost. 
[0017] This composition also increases the hardness of the aluminum alloy, and increased hardness suppresses the 
generation of surface flaws on members made of the aluminum alloy of the present invention during their manufacturr : 

4 o processes, reducing the fraction defective of the products. 

[0018] The addition of a small amount of Ti, V, Hf. and Zr, which are used in Constituent A T can reduce the grain size 
of aluminum, increasing the hardness of the aluminum ailoy. Intermetalhc compounds between these elements ar.z 
aluminum are deposited or crystallized out at the center of the individual crystal grains of aluminum (one place pe' 
crystal grain). If the content of Constituent A is less than 0. 1 wt. %, the above-mentioned effect of increased hardness 

45 cannot be obtained. If the content of Constituent A is more than 8 wt. %. although the hardness of the aluminum allc . 
increases, the ductility, critical upsetting ratio, and other properties decrease, making it difficult to perform near-net- 
shape forging with comolicated shapes, resulting in the reduction in forgeability. 

[0019] The above-mentioned upsetting ratio is expressed in (LO - L1 )/L0 100 (%), where L0 is the sample lengt- 
in the upsetting direction before the upsetting work, and L1 after the upsetting work. The critical upsetting ratio is define: 
50 as the upsetting ratio at which cracks begin to develop at the periphery of the workpiece when upsetting is performe: 
at a forging rate of 0.5 mm/sec. If the critical upsetting ratio is 70% or more, the sample is considered to have sufficie-: 
forgeability. 

[0020] The elements La, Ce. Pr, Nd, Mm, Ca, Sr, and Ba. which are used in Constituent 3. have an effect that a 
small amount of their addition can deposit a large amount of intermetallic compounds having high hardness. Tre 
55 deposition of intermetallic compounds increases the hardness of the aluminum alloy. The intermetallic compouncs 
between these elements and aluminum are deposited or crystallized out at grain boundaries of aluminum. If the conie": 
of Constituent B is less than 0.1 wt. %. the above-mentioned effect cannot be obtained. If the content of Constitue-: 
B is more than 20 wt. %, although the hardness of the aluminum alloy increases, the ductility and other properties 
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deteriorate, reducing the forgeability. 

(0021) The elements Mg and Li. which are used n Constituent C, have an effect that they can increase the hardness 
of the aluminum alloy when they are rapidly solidified in a-aluminum to form a supersaturated solid solution. If the 
content of Constituent C is less than 0.1 wt. %. the above-mentioned effect cannot be obtained. If the content of 
5 Constituent C is more than 20 wt. %, although the hardness of the aluminum alloy increases, the ductility, critical 
upsetting ratio, and other properties deteriorate, reducing the forgeability. 

[0022] When Constituents A. B. and C are added with the specified contents as shown above, because the aluminum 
having Constituent C as a solid solution has fine crystal grains and because the intermetallic compounds are deposited 
or crystallized out at grain boundaries, a structure ts formed that has less tendency to overgrow with temperature. The 
10 formation of this structure enables the production of an aluminum alloy with superior balance between the hardness 
and forgeability. 

[0023] If any one of Constituents A, B, and C lies beyond the specified range of content, the balance between the 
hardness and forgeability is destroyed, producing high hardness with low forgeability or high forgeability with low hard- 
ness. 

i5 [0024] When an aluminum alloy having the abce-described structure is hot-worked and then its surface is polished 
by buffing or other means, the surface of the memcer made of this hot-worked aluminum alloy can easily obtain metallic 
luster. 

[0025] In the aluminum alloy of the first aspect of the present invention, it is more desirable that the content of 
Constituent C be more than 5 wt. % and not more than 20 wt. %. 
20 [0026] This content range, when the surface of the aluminum alloy is anodized to form an anodic oxide coating, 
enables the anodic oxide coating to obtain a shade of relatively low brightness such as brown or dark gray. 
[0027] The shade of the anodic oxide coating can be changed by adjusting the kind and content of elements used 
in Constituent C and other Constituents. 

[0028] The aluminum alloy of the first aspect of the present invention may further comprise not less than 0.1 wt. % 
25 and not more than 5 wt. % Constituent D comprising one or more kinds of elements selected from the group consisting 
of niobium (Nb), molybdenum (Mo), silver (Ag), iron (Fe), cobalt (Co), tantalum (Ta), and tungsten (W). 
[0029] This can offer an aluminum alloy having good forgeablity and higher hardness. 

[0030] The elements Nb, Mo. Ag, Fe. Co. Ta. and W, which are used in Constituent D, have an effect that they can 
not only reduce the grain size of aluminum but also deposit a large amount of intermetallic compounds. As a result, 

30 the hardness of the aluminum alloy can be further increased. In this case, the intermetallic compounds are deposited 
or crystallized out at a plurality of places inside the individual crystal grains of the aluminum. 
[0031] If the content of Constituent D is less than 0.1 wt. %, the above-mentioned effect cannot be obtained. If the 
content of Constituent D is more than 5 wt. %, although the hardness of the aluminum alloy increases, the ductility, 
critical upsetting ratio, and other properties deteriorate, reducing the forgeability. 

35 [0032] In the aluminum alloy of the first aspect of the present invention, it is more desirable that Constituent A be Zr. 
Constituent B be Mm, and Constituent C be Mg. In this case, it is more desirable that the content of Constituent A be 
not less than 0.1 wt. % and not more than 3 wt. V: and the content of Constituent B be not less than 0.1 wt. % and not 
more than 15 wt. %. 

[0033] The respective use of Zr, Mm, and Mg as Constituents A. B. and C can offer an aluminum alloy with further 
enhanced balance between the hardness and fcce ability. 

[0034] The second aspect of the present invention offers another aluminum alloy that comprises (1) not less than 
0.1 wt. % and not more than 5 wt. % Constituent D comprising one or more kinds of elements selected from the group 
cons.sting of niobium (Nb). molybdenum (Mo), s.iver (Ag). iron (Fe). cobalt (Co), tantalum (Ta), and tungsten (W), (2) 
not less than 0.1 wt. % and not more than 20 wt. : : Constituent B comprising one or more kinds of elements selected 
-5 from the group consisting of lanthanum (La), ce-'um (Ce), praseodymium (Pr). neodymium (Nd), mischmetal (Mm), 
calcium (Ca), strontium (St), and barium (Ba), a-: (3) not less than 0.1 wt. % and not more than 20 wt. % Constituent 
C comprising one or more kinds of elements se:ec:ed from the group consisting of magnesium (Mg) and lithium (Li). 
[0035] Such a composition facilitates the forration of complicated shapes because it reduces the strength of the 
aluminum alloy in the temperature range for processing. This reduces the number of times of forming (forging) until 
the last shape in comparison with the conventional products, and therefore reduces the processing cost. 
[0036] This composition also increases the fs'dness of the aluminum alloy. Increased hardness suppresses the 
generation of surface flaws on members made of :re aluminum alloy of the present invention during their manufacturing 
processes, reducing the fraction defective of the products. 

[0037] The elements Nb. Mo, Ag, Fe, Co. Ta. and W, which are used in Constituent D. have an effect that they can 
5; not only reduce the grain size of aluminum but also deposit a large amount of intermetallic compounds. As a result, 
the hardness of the aluminum alloy can be further increased. The intermetallic compounds produced by Constituent 
D are deposited or crystallized out at a pluralit> of places inside the individual crystal grains of the aluminum. If the 
content of Constituent D is less than 0.1 wt. : :. the above-mentioned effect cannot be obtained. If the content of 
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Constituent D is more tha' : M. %. although tne hardness of the aluminum alloy increases, the ductility, critical upsetting 
ratio, and other properties :eteriorate, reducing the forgeability. 

[0038] The elements La Ze, Pr. Nd, Mm. Ca, Sr. and Ba. which are used in Constituent B, have an effect that a 
small amount of their aocon can deposit a large amount of intermetallic compounds having high hardness. The 
deposition of intermetallic compounds increases the hardness of the aluminum alloy. The intermetallic compounds 
produced by Constituent = are deposited or crystallized out at grain boundaries of aluminum. 
[0039] If the content of Constituent B is less than 0.1 wt. %, the above-menticned effect cannot be obtained. If the 
content of Constituent B :i more than 20 wt. °i. although the hardness of the aluminum alloy increases, the ductility, 
critical upsetting ratio, an: ether properties deteriorate, reducing the forgeability 

[0040] The elements Mz and Li. which are used in Constituent C. have an effect that they can increase the hardness 
of the aluminum alloy wre-n they are rapidly solidified in a-aluminum to form a supersaturated solid solution. If the 
content of Constituent C 3 less than 0.1 wt. %, the above-mentioned effect cannot be obtained. If the content of 
Constituent C is more the* 20 wt. %. although the hardness of the aluminurr alloy increases, the ductility, critical 
upsetting ratio, and other i/operties deteriorate, reducing the forgeability. 

[0041] WhenConstitue'tsD. B. and C are added with the specified contents as shown above, because the aluminum 
having Constituent C as a solid solution has fine crystal grains and because the intermetallic compounds are deposited 
or crystallized out at grar boundaries, a structure is formed that has less tendency to overgrow with temperature. The 
formation of this structure enables the production of an aluminum alloy with superior balance between the hardness 
and forgeability. 

[0042] If any one of Ccstituents D, B, and C lies beyond the specified range of content, the balance between the 
hardness and forgeabilit> s destroyed, producing high hardness with low forgeaoility or high forgeability with low hard- 
ness. 

[0043] In the aluminur alloy of the second aspect of the present invention. is more desirable that the content of 
Constituent C be more trsn 5 wt. % and not more than 20 wt. %. 

[0044] This content ra*:e. when the surface of the aluminum alioy is anoc.zed to form an anodic oxide coating, 
enables the anodic oxide coating to obtain a shade of relatively low brightness s jch as brown or dark gray. The shade 
of the anodic oxide coatr-: can be changed by adjusting the kind and content of elements used in Constituent C and 
other Constituents. 

[0045] In the aluminum alloys of the first and second aspects of the present invention, it is more desirable that the 
aluminum alloys be further provided with an anodic oxide coating. 

[0046] As mentioned acove, the shade of an anodic oxide coating can be changed by adjusting the kind and content 
of elements used in the individual Constituents. This enables the production of aluminum alloys provided with anodic 
oxide coatings having drTerent shades. As a result, the painting process of the product can be omitted by using an 
anodic oxide coating having relatively high hardness as the protective coating of the aluminum alloy and by adjusting 
the shade of the anodic oxide coating so as to conform to the shade required ir. the product using the aluminum alloy. 
Consequently, the manufacturing cost of the product using the aluminum alloy can be reduced. 
[0047] In the aluminum alloys of the first and second aspects of the present nvention. it is more desirable that the 
anodic oxide coating ha.e a lightness less than 50. 

[0048] The lightness is -.easured by spectrophotometry colorimetry using a enromaticity meter (Japanese Industrial 
Standard JIS Z 8729: the -*a*b* color-expressing system). The light source fo' the measurement is D65 (the Interna- 
tional Lighting Committee the ISO standard light) with a color temperature of 6.504K. 

[0049] In the aluminu- alloys of the first and second aspects of the present rvention. the anodic oxide coating may 
be formed on the surface of an aluminum-alloy base material. In this case, the base material may have an electrical 
conductivity less than 2 1 : :IACS (International Annealed Copper Standard). 

[0050] The present ir . entors have found that as the electrical conductivity c : a base material decreases, the base- 
material element forms ~:re solid solutions with the anodic oxide coating. gi\ -g a shade of relatively low brightness 
such as brown to the a~ :-:ic oxide coating. The present inventors have also f: jnd that the base material requires to 
have an electrical conc.::.vity less than 20 >;IACS in order to give a shade of -eiatively low brightness such as brown 
to the anodic oxide cca: ~g. 

[0051] In the aluminu- alloys of the first and second aspects or the present ~ vention. the anodic oxide coating may 
have a shade of brown :ark gray, or dark brown. 

[0052] When a comp-: -snt is required to have a low-bright shade such as fc'own in the final product, the use of the 
aluminum alloy of the present invention makes it possible to obtain the requirec shade by adjusting the kind and content 
of elements used in the "dividual Constituents. This simplifies the traditional', required painting process of the com- 
ponent. Consequently, re manufacturing cost of the component can be reduced. 

[0053] The aluminur a loys of the first and second ascects of the present nvention may have aluminum crystals 
and intermetallic compc.nds. In this case, the aluminum crystals may have a- average grain diameter of 1 .000 nm or 
less and the intermeta* : compounds may have an average grain diameter o: 500 nm or less. 
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[0054] This enables the aluminum alloy to obtain high forgeability without losing the high hardness. 
[0055] If the aluminum crystals have an average grain oameter more than 1 .000 nm or the intermetallic corr oounds 
have an average grain diameter more than 500 nm, although the aluminum alloy improves its forgeability by irr oroving 
its ductility, critical upsetting ratio, and other properties, it decreases its hardness. 

[0056] In the aluminum alloys of the first and second asoects of the present invention, it is more desirable that the 
aluminum crystals have an average grain diameter of 500 nm or less and that the intermetallic compounds nave an 
average grain diameter of 300 nm or less. 

[0057] This enables the aluminum alloy to obtain higher hardness without losing its forgeability such as ducniity and 
critical upsetting ratio when higher hardness is required. 

[0058] The aluminum alloys of the first and second aspects of the present invention may have a Rockwell B hardness 
(H R3 ) not less than 50 and not more than 100. h this case, the aluminum alloy may have a critical upsetting ratio of 
70% or more at temperatures not lower than 200 *C and not higher than 600 -C and an elongation of 10% or more at 

20 C. 

[0059] The hardness H RB not less than 50 and not mere than 100 means sufficiently high hardness in comoarison 
with the conventional ingot aluminum alloys such as A5052. This high hardness suopresses the generation of surface 
flaws during the manufacturing process, thereby significantly reducing the ratio of defective products due to the surface 
flaws. If the hardness H RB is less than 50, as in the conventional ingot aluminum alloys, it is difficult to suppress the 
generation of surface flaws during the manufacturing process. If the hardness H R5 is more than 100, such properties 
as the elongation at 20 °C and critical upsetting ratio deteriorate, reducing the forgeability. 

[0060] The use of an aluminum alloy having the above-described critical upsetting ratio and elongation allows one 
or two processes of hot-working at temperatures not lower than 200 C C and not higher than 600 C C, facilitating the 
near-net-shape forging of components with complicated shapes. If the aluminum alloy has a critical upsetting ratio less 
than 70% at temperatures not lower than 200 '-C and not higher than 600 -*C or an elongation less than 10 c /: at room 
temperature (20 C C). one or two processes of hot-working (near-net-shape forging) for obtaining components with 
complicated shapes generates work cracking of the components during the forging. 

[0061] It is more desirable that the aluminum alloy of the first aspect of the present invention comprises (1 ; not less 
than 1.5 wt. % and not more than 2.5 wt. % Constituent A. (2) not less than 3 wt. %and not more than 6 wt. % Constituent 
B, (3) not less than 4 wt. % and not more than 6 wt. % Constituent C, and (4) not less than 1 wt. % and not more than 
1.5 wt. % Constituent D. 

[0062] The above-mentioned selection of the content ranges of Constituents A. 8. C, and D enables the aluminum 
alloy to obtain a more enhanced balance between the hardness and workability (forgeability). 
[0063] It is more desirable that the aluminum alloy of the second aspect of the present invention comprises (1) not 
less than 1.5 wt. % and not more than 2.5 wt. % Constituent D. (2) not less than 3 wt. % and not more than 6 wt. % 
Constituent B, and (3) not less than 4 wt. % and not more than 6 wt. % Constituent C. 

[0064] The above-mentioned selection of the content ranges of Constituents D, B. and C enables the aluminum alloy 
to obtain a more enhanced balance between the hardness and workability (forgeability). 

[0065] The third aspect of the present invention offers a method for manufacturing an aluminum-alloy member made 
of the following aluminum alloy: The aluminum alloy comprises (1) not less than 0.1 wt. % anc not more tha- 3 wt. % 
Constituent A comprising one or more kinds of elements selected from the group consisting of titanium (Ti). vanadium 
(V), hafnium (Hf), and zirconium (Zr), (2) not less than 0 wt. % and not more than 20 wt. % Constituent B comprising 
one or more kinds of elements selected from the group consisting of lanthanum (La), cerium (Ce), praseodym.um (Pr). 
neodymium (Nd), mischmetal (Mm), calcium (Ca), strort.um (St), and barium (Ba). and (3) not less than 0.1 .vc. % and 
not more than 20 wt. % Constituent C comprising one o r more kinds of elements selected from the group consisting 
of magnesium (Mg) and lithium (Li). First, a preform comprising the aluminum alloy is produced. Next, the rreform is 
heated up to a temperature not lower than 200 'C and not higher than 600 ~C at a temperature rising rate c : not less 
than 2'C/sec and not more than 200 c C/sec. Then, the heated preform is subjectea to hot-working. 
[0066] This procedure enables the easy production of 3.n aluminum-alioy member having high hardness a-d a com- 
p'.cated shape notwithstanding the considerably reduced number of times of working during the hot-workir: orocess 
in comparison with the conventional methods. 

[0067] If the temperature during the heating process ■ degasification orocess) c: the preform is higher than 600 C C 
or the temperature-rising rate is less than 2 : C /sec or more than 200 : C sec, the hot-working oroduces an aluminum 
alloy with sec or more than 200 c C/sec, the hot-workinc oroduces an aLminum a!:oy with reduced hardness resulting 
from the coarsened grains of aluminum crystals and intermetallic compounds. If the heating temperature of the preform 
is lower than 200 : C, it is difficult to give the preform sufficient strength because of the insufficient bonding between 
the grains constituting the preform. This reduces the critical upsetting rato at temoeratures not lower than 2C0 ; C and 
not higher than 600 "C and an elongation at room temoerature (20 C C). ceteriorat.ng the forgeability. 
[0068] In the method for manufacturing an aluminum-alloy member r the third aspect of the present invention, the 
aluminum alloy may further comprise not less than 0.1 wt. % and not mc*e than 5 .vt. % Constituent D com: -sing one 
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or more kinds of elements selected from the group consisting of niobium fNb). molybdenum (Mo), silver (Ag). iron (Fe). 
cobalt (Co), tantalum (Ta). and tungsten (W). 

[0069] The fourth aspect of the oresent invention offers a method for manufacturing an aluminum-alloy member 
made of the following aluminum alloy: The aluminum alloy comprises (1) not less than 0.1 wt. % and not more than 5 

5 wt. % Constituent D comprising one or more kinds of elements selected from the group consisting of niobium (Nb), 
molybdenum (Mo), silver (Ag). iron (Fe). cobalt (Co), tantalum (Ta). and tungsten (W). (2) not less than 0.1 wt. % and 
not more than 20 wt. % Constituent 5 comprising one or more kinds of elements selected from the group consisting 
of lanthanum (La), cerium (Ce). praseodymium (Pr). neodymium (Nd). mischmetal (Mm), calcium (Ca). strontium (St), 
and barium (Ba). and (3) not less than 0.1 wt. % and not more than 20 wt. % Constituent C comprising one or more 

10 kinds of elements selected from the group consisting of magnesium (Mg) and lithium (Li). First, a preform comprising 
the aluminum alloy is produced. Next, the preform is heated up to a temperature not lower than 200 C C and not higher 
than 600 *C at a temperature rising rate of not less than 2 c C/sec and not more than 200X/sec. Then, the heated 
preform is subjected to hot-working. 

[0070] This procedure enables the easy production of an aluminum-alloy member having high hardness and a com- 
15 plicated shape notwithstanding the considerably reduced number of times of working during the hot-working process 
in comparison with the conventional methods. 

[0071] If the heating temperature of the preform is higher than 600 'C or the temperature-rising rate is less than 2 
"C/sec or more than 200 c C/sec. the hot working produces an aluminum alloy with reduced hardness resulting from 
the coarsened grains of alumin jm crystals and intermetallic compounds. If the heating temperature of the preform is 
20 lower than 200 'C. the preform, becomes brittle because of the insufficient bonding between the grains constituting the 
preform. This reduces the critical upsetting ratio at temperatures not lower than 200 -C and not higher than 600 C C 
and an elongation at room temperature (20 C C), deteriorating the forgeability. 

[0072] In the methods for manufacturing aluminum-alloy members in the third and fourth aspects of the present 
invention, it is more desirable that the heating temperature of the preform be not lower than 350 C C and not higher 
25 than 450 =C. 

[0073] The above-mentionec selection of the heating temperature enables the aluminum-alloy member to easily 
obtain a more enhanced balance between the hardness and forgeability. 

[0074] In the methods for manufacturing aluminum-alloy members in the third and fourth aspects of the present 
invention, it is desirable that the die temperature for the hot-working be about 400 C C. 
30 [0075] In the methods for manufacturing aluminum-alloy members in the third and fourth aspects of the present 
invention, the step for producing the preform may include a step for forming rapidly solidified powders of aluminum alloy. 
[0076] In the methods for manufacturing aluminum-alloy members in the third and fourth aspects of the present 
invention, the step for producing the preform may employ the OSPREY method. 

[0077] In the methods for manufacturing aluminum-alloy members in the third and fourth aspects of the present 
35 invention, the step for producing the preform may include a step for forming powders produced by pulverizing rapidly 
solidified ribbons of aluminum alloy. 

PREFERRED EMBODIMENTS OF THE INVENTION 

40 [0078] The following is an explanation of the preferred embodiments of the present invention. 

Embodiment 1 

[0079] Aluminum-alloy powcers having a composition shown in the columns for Experimental Examples 1 to 11 in 
45 Table 1 were produced by usrg a c3s-atomization device. In the gas-atomization method, a nitrogen gas was blown 
onto a molten aluminum alloy cop?;ng from a nozzle having a hole 2 mm in diameter. The nitrogen gas was pressurized 
at 100 kgf/cm 2 . in this case, a.r or an inert gas such as argon may be used in place of the nitrogen gas. 
[0080] Powders of a 2014 a jmi-.um alloy were also produced under the same condition of gas atomization as de- 
scribed above. The spacing between dendrite arms in the powder structure of the 2014 aluminum alloy was measured 
50 to estimate the cooling rate in the foregoing process. The result demonstrates that the production of powders having 
a particle diameter of 150 um corresponds to a cooling rate of 1.0 x 10 3 : C/sec. 

[0081] The aluminum-ailoy oowcers were sieved out to obtain powders having a diameter less than 150 um. The 
obtained aluminum-alloy oowcers .vere press-formed to produce preforms. The preforms were heated up to temper- 
atures of 350 to 400 C C at a temperature rising rate more than 2 : C/sec. actually at 10 "C/sec, as shown in Table 1 as 
55 the heating and degasifying treatments. 

[0082] Subsequently, the preforms were inserted into a die kept at 400 : C to solidify the powders under a surface 
pressure of 9 t'cm 2 . The fine structure and mechanical properties of the obtained solidified bodies were examined. 
The results are shown in Tab es 1 and 2. 
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[0083] The grain diameters shown in Table 1 were determined by the following method: First, a section of a solidified 
body was mirror polished. Second, micrographs of the fine structure were taken by using a high-resolution scanning 
electron microscooe (SEM) at 50.000 power. Finally, the individual micrographs were input into a personal computer 
to process the pictures for measuring the grain diameters of the aluminum crystals and intermetallic compounds. Be- 
cause the aluminum crystals and intermetallic compounds have a different contrast on the micrograph, they are easily 
distinguished. The grain diameters were measured on three visual fields of each Experimental Example. Table 1 shows 
the average value of the measured results. 
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[0084] The fine structures of the solidified bodies of Experimental Examples 1 to r /.-ere examined by the abc\e- 
described method. 

[0085] As is seen in Table 1 . it was confirmed that all the Experimental Examples 1 to " r.a\ e zoth aluminum crystals 
and intermetallic compounds. It was also confirmed that all the Experimental Examples : to v - ave aluminum crystals 
less than 1,000 nm in grain diameter and intermetallic compounds less than 500 nm r grar : ameter. 
[0086] Next, aluminum-aiioy powders having a composition shown in the columns for Exoe- mental Examples : 2 to 
19 in Table 1 were produced by a method similar to that used for Experimental Examples ' to r Exoerimental Examples 
12 to 19 were produced by using these c-owders. The heating conditions for the prefers c* Experimental Examples 
12 to 19 are also shown in Table 1. The fine structures of Experimental Examples 12 \z ' 9 .see also examined b> the 
same method as in Experimental Exam-Dies 1 to 11. 

[0087] The following measurements were carried out on Experimental Examples 1 tc :9 s.-:*n in Table 1: hard" ess 
HRB at room temperature '20 *C), tensile strength at room temperature, critical upser.. ng re*_o. and the shade cf an 
anodic oxide coating (alumite) and other properties when the anodic oxide coating was forre: on the surface. 
[0088] As shown in Tabie 2, all the Experimental Examples 1 to 11 have a room-te- sera: -'e hardness H RS ■-.ore 
than 50 and less than 100. an elongation not less than 10 c c. and a critical upsetting ra:»o m;-a than 70%. 
[0089] The surfaces of the solid bodies of Experimental Examples 1 to 11 were a-s-cizec \z form an anodic cxide 
coating (alumite). The shade of the alumite was examined. As is seen in Table 2. the -esu.:s showed that all the Ex- 
perimental Examples 1 to 11 have a dark shade such as brown or dark gray. The lightness of r s alumite was measured; 
the result showed that all the Experimental Examples 1 to 11 have a lightness less the- 50. T -e electrical conductivity 
of the matrices of the solidified bodies of Experimental Examples 1 to 19 was meas-'ed. As is seen in Table 2. the 
result showed that when the electrical conductivity is less than 20 %IACS. the shade zi the a jmite is dark (less than 
50 in lightness) such as brewn. Incidentally, all the Experimental Examples 1 to 11 ha. 9 an a ectrical conductivity ess 
than 20 %IACS. 

[0090] The fine structures and mechanical properties of Experimental Examples 12 to 19 are discussed in the fol- 
lowing: 

[0091] Experimental Example 12 has a room-temperature hardness as low as 49 as :s seen in Table 2. T'r.s is 
attributable to the grain diameter of the aluminum crystals as large as 1 .200 nm rest tr.c fr:~. the temperatures sing 
rate as low as 0.5 "C/sec in the preform-heating conditions as can be seen in Table 1 . I* :ne roc - -temperature hardness 
is less than 50, surface flaws and other defects tend to be generated during the manufact-ring process, causing a 
yield reduction as in the conventional products. 

[0092] Experimental Example 1 3, although having a room-temperature hardness exceeding 100, has practically no 
elongation and a critical upsetting ratio as low as 50%. This is attributable to the fact that the ultimate temperature was 
180 °C in the preform-heating conditions, i.e., the preform was not heated up to a tenoerature exceeding 200 -C. 
[0093] Experimental Example 14 also has a room-temperature hardness as low as 46. as s seen in Table 2. This is 
attributable to the grain diameter of the aluminum crystals as large as 2,000 nm, which =s more than necessary, resulting 
from the ultimate temperature as high as 650 C C in the preform-heating conditions as can be seen in Table 1 . 
[0094] Experimental Example 15 contains, in its composition, more Mg than the co-tent ssecified for the alurn.num 
alloy of the present invention as is seen in Table 1. Consequently, as shown in Tac e 2. a rough sufficiently h zr\ in 
room-temperature hardness. Experimental Example 15 has low elongation and critics' upser ng ratio, and hence low 
forgeabiiity. 

[0095] Experimental Example 16 contains more Zr than the content specified for re aL~ -urn alloy of the present 
invention as is seen in Table 1. Consequently, as shown in Table 2, although sufficentiy - ;h in room-tern pe -a lure 
hardness, Experimental Example 16 has low elongation and critical upsetting ratio. 

[0096] Experimental Example 17 contains more Mm than the content specified for re aiu- num alloy of the p-esent 
invention as is seen in Tabie 1. Consequently, as shown in Table 2. although suffi: ent!> - :h in room-tempe-aiure 
hardness, Experimental Example 17 has low elongation and critical upsetting ratio. 

[0097] Experimental Example 18 contains more Mo than the content specified for :-e aK~ num alloy of the p-esent 
invention as is seen in Tabie 1. Consequently, as shown in Table 2. although suff : enti\ - gh in room-tempe-ature 
hardness, Experimental Example 18 has low elongation and critical upsetting ratio. 

[0098] Experimental Example 19 contains more Ti and Nb than the contents spec r ed fc re aluminum alloy :f the 
present invention as is seen in Table 1. Consequently, as shown in Table 2, although suffic s-tiy high in room-te~oer- 
ature hardness. Experimental Example 19 has low elongation. 

[0099] The anodizing was carried out by the following process: First, the surface of a solic *ed body was cut. Sesond. 
the solidified body subjected to the cutting work was cleaned by caustic soda. Final ano: z ng was conductec jp to 
a coating thickness of about 10 urn. 

[0100] The structure in the vicinity of the boundary between the anodic oxide coatr : anc : ase material (matr.x was 
examined on the individual Experimental Examples 1 to 19 by using a high-resolutic - sea" ng electron micros rope. 
The result was that the reflected electron image of the structure demonstrates the existence r .ntermetallic comic jnds 



11 



10 



15 



20 



25 



30 



EP 0 997 546 A1 

in the anodic oxide coating. When the shade of an anodic oxide coating (alumite) becomes brown or dark gray, the 
alumite has an increased amount of the intermetallic compounds to a certan extent. More specifically, the intermetallic 
compounds occupy more than 20% of the area of the alumite. 

[0101] It was also confirmed that when a sample mace of the aluminum alloy of the present invention is uoset at 
high temperature and then its surface is polished by buffing or another simole means, the surface of the samole can 
easily obtain metallic luster. 

Embodiment 2 

[0102] Aluminum-alloy powders having a composition shown in the columns for Experimental Examples 20 to 27 in 
Table 3 were produced by a method similar to that used for Embodiment 1 of the present invention. Experimental 
Examples 20 to 27 were produced by using these powders. Samples of solidified bodies were formed by a method 
basically similar to that used for Embodiment 1 of the present invention. The heating conditions for the preforms are 
shown in Table 3. The fine structures and mechanical sroperties of the solidified bodies were examined by a method 
similar to that used for Embodiment 1 of the present invention. The results are shown in Tables 3 and 4. 



35 



jo 



45 



50 



55 



12 



EP 0 997 546 A1 



JO 



15 



20 



25 



30 



35 



40 



45 



50 



55 



O 
u 

£ 

• 

J C 

i'2 
I a 



1 § 

3 S 

.5 8 



CO 

col co 



1 2 
I a 

1 c 

1 1 

1 2 



a « b 



73 



CO 



la 

!S4 



C 



C! O 

c o 



1 

ololo c 

O'CjO'C 

; co n 



Si: 

i i 



D 2 



o 

J— 

3P 

s- 
c 
£ 

a 



uO 



-j lO lO ! w 



1-M 



10 



10 

1 d 



I = 



5- 5 



2iC>5 











CO 


CO 

1 


1 






s 




1 



ill 

s' 4 ?' c! i.! sj 1 ' 

=!7MjJ JV7 
si>" = : =;<> : > 



xi uot 



1 

£ 

uO 

CO * 

i ; 



1C 



_5? x> — 



uO 



< <<]<;< 



I ; t j i : 



2 

CO 

I 



E _ 

2 = 

x;Z 

> ~ 

, UO i 

si? co 

CJ lO 



o 
o 

X 



o 



— I 



o 
o 
o 



o 
o 

CM 



o 
o 



o 



: CO <^ 



is 



1 

El 



Ico^S! 



oj 



I 



s is:* 



< < < 



ID | ; 

1 <!<! 



5g "2 ^ 



c — ' m ' co ' rr to • ! o i x kr. 

>J Cn C^ • CM : C>1 • CM ; CM i C^ j C^ j >J 

' 1 I ■ i ' i Li 



3 — C^ 



EP 0 997 546 A1 



TO 



J5 



20 



25 



30 



35 



40 



45 



50 



- 

7. 

'-is 


CM 
UO 
w 


! 

i 

x 

w 


cm 

X 

o 


I 

© 1 

i 


X 

os: 

uo ; 

! 

j 


co 
ad 

CO 


1 

i 


CO 
CO 


i 

d ' 


t 

d 


00 

o 


1 

X 

LO 


CM 


00 


! 
I 

© 

u0 


© 

00 

TP 


- > w 
? - o 

!•= 3 < 
ii 1 

j -. 


co 

CM 


X 

cm 


i_o 

< 

cn 




c 
© 

CM 


X 


a 

00 


© 
d 

CO 


W 

d 


© 

co 


© 

ci 


© 


o 

00 


00 


CM 
ci 


1 
t 

i 

1 S 

ill 


>> 
£ 

If 


>> 


c 
>% 

*-> 


if 


-j 


>, 

— > 
JZ 

.z? 

* ^ 


>^ 

C3 
u 
5X 

If 


X 
u 

be 


* 

u 

bx 

w 


u 
u 

ca 


>» 
cs 
u 
he 

JZ 

.z? 


>i 

C5 
u 

i£ 
u 
© 


U 

tL 


>t 

CC 


cC 
be 

u 

CC 


CC 

& 

CC 
U-i 


' L a 

Z u 

"3 3JD Co 
' S C w 
• ~ w 




o 
r- 


X 


C^ 
© 




CM 

© 


X 




© 


; 
j 

© j uO 
1 « © 

1 j 
i j 

i ; 


UO 




UO 


© 

X 


© 


; : i ^ 

'U B 
.is | 


o 
o 

UO 


o 
o 
co 

i 


o 
o 


© 


© 


o 
o 

uo 


o 
o 


o 
o 


1 

! 
1 

2 1 2 


© 
© 


i 

! 

© i © 
© ! © 

j 
! 


© 
© 


© 
© 


© 
© 


2 

^ .2 
s | 

i £ S w 
o S -5 

— ~j o 


1 1 

j r-« | co 

i 

1 


i 
I 
i 

i 
| 

i 


1 ^ 

1 


i ^ 


I 

i 

1 ^ 

i 






i 

i 

i 

; ; 


1 

i 

i ^ 
1 ^ 

t 


1 

I 
i 

« t 

! 1 
© j CO 

1 

i 
i 


r 

i 
i 

i 


o 

i 


1 

1 

i 

X ! 


Urn 

•O 'X. - 
U r 

r £ ^ 


| X X 

! x ( 


! 

i 

j 

i 


i 
i 
i 


X 

! 
i 


X 
X 


1 ; 
i 

i iT5 T- ^ 

; X X x 

. : ! 


X 


; 

CM 


i 

j 
i 


j 

^ 1 M 
X jX 

' i 

; | 
i ! 


^ IS 


| 

j 3 - 

! CM CM 

i * 

i 


i cm 

! 

i 


, ! 1 1 

i i ■ i ! j 

co { tt ' in ; © c- ! x ' © ! © 
I n >i cm i cm cm N , n i r: 

i • ! ! : ; ! 

! I l ! ! i 


— Cn) 

co ro 

i 


CO 


! 1 ; 

hr | uo , 

CO i CO 

I 

! I 



14 



EP 0 997 546 A1 



[0103] As is seen in Tables 3 and 4, the measu-ed items for Experimental Examples 20 to 27 are the same as those 
for Embodiment 1 of the present invention. The measured results for all the items of Experimental Exar-oles 20 to 27 
are within the range specified for the aluminum a loy of the present invention. The surfaces of the sarnies were ano- 
dized similarly to Embodiment 1 of the present nvention to form an anodic oxide coating (alumite). T-e shade and 
lightness of the alumite were examined. The electrical conductivity of the base material was also measured. As can 
be seen in Tables 3 and 4, the shade of the aluminum alloy can be changed to one such as dark gray or light yellow 
by adjusting the composition of the aluminum a! oy. 

[0104] Aluminum-alloy powders having a composition shown in the columns for Experimental Examc-es 28 to 35 in 
Table 3 were produced similarly to Experiments Examples 20 to 27. The powders were used to proojce solidified 
bodies under the heating conditions for the prefcms shown in Table 3. The fine structures and mecha- sal properties 
of the solidified bodies were examined similarly to Experimental Examples 20 to 27. 

[0105] Experimental Example 28 was prepares by a temperature-rising rate lower than 2 c C/sec. Experimental Ex- 
ample 30 was prepared at an ultimate temperature higher than 600 S C. As a result. Experimental Examples 28 and 
30 have aluminum-crystal grains and intermetal' c compounds both larger in diameter than the values desirable for the 
aluminum alloy of the present invention. Consequently, both Examples have a considerably low roc -.-temperature 
hardness as shown in Table 4. 

[01 06] Experimental Example 29 was preparer at an ultimate temperature lower than 200°C. Consequently, although 
high in room-temperature hardness, Experimental Example 29 has low elongation and critical upsettr : ratio. 
[0107] Experimental Example 31 contains Constituent C of which Mg exceeds 20 wt. % in content. Consequently, 
although sufficiently high in room-temperature -.ardness. Experimental Example 31 has considerably ow elongation 
and critical upsetting ratio. 

[0108] Experimental Example 32 contains Constituent A of which the sum of Ti and V exceeds 8 v.:. % in content. 
As a result. Experimental Example 32 has intemetallic compounds not only increased in the amount c : deposition but 
also excessively grown. Consequently, althougr sufficiently high in room-temperature hardness, Experir ental Example 
32 has considerably low elongation and critical jpsetting ratio. 

[01 09] Experimental Example 33 contains Cc -stituent B of which the sum of Mm and La exceeds 20 a:. % in content. 
As a result. Experimental Example 33 also has -termetallic compounds not only increased in the amot-s of deposition 
but also excessively grown. Consequently, although sufficiently high in room-temperature hardness. Experimental Ex- 
ample 33 has considerably low elongation anc critical upsetting ratio. 

[0110] Experimental Example 34 contains mere Mo than 5 wt. %. In this case also, the intermetallic compounds are 
excessively grown. Consequently, although the room-temperature hardness becomes high, the elongation decreases. 
[0111] Experimental Example 35 contains more W than 5 wt. %. In this case also, the intermetallic compounds are 
not only increased in the amount of deposition cut also excessively grown. Consequently, although the room-temper- 
ature hardness increases to a certain extent, tre elongation decreases. 

[0112] As described above, the aluminum alley of the present invention has high hardness and good elongation and 
critical upsetting ratio (forgeability). It is also possible to obtain a member having metal luster by giving it s.mple polishing 
after hot-working. 

[0113] Because the shade of the alumite ca- :e changed by adjusting additive elements, a highly he'd anodic oxide 
coating can be used not only as a protective ccating but also as a colored layer that gives necessar> roloring. 
[0114] The aluminum alloy of the present in\*-.tion can be used both as an exterior component of ele :tronic devices, 
for example, and as a component of househc c electrical appliances, ornamental objects, cars, and ct.ner objects. 
[0115] The present embodiments are to be considered in all respects as illustrative and not restrict;. e. The scope of 
the present invention is indicated by the appe- ced claims rather than by the above-described embodir ents. All chang- 
es that come within the meaning and range of equivalency of the claims are therefore intended to be e -.braced by the 
claims. 



Claims 

1. An aluminum alloy comprising: 

(1) not less than 0.1 wt. % and not mce than 8 wt. % Constituent A comprising one or more k ~ds of elements 
selected from the grouo consisting o* t.tanium. vanadium, hafnium, and zirconium. 

(2) not less than 0.1 wt. % and not mce than 20 wt. % Constituent B comprising one or more * ~ds of elements 
selected from the group consisting o : anthanum. cerium, praseodymium, neodymium. misc-metal, calcium, 
strontium, and barium, and 

(3) not less than 0.1 wt. % and not mc than 20 wt. % Constituent C comprising one or more » nds of elements 
selected from the grouo consisting c : magnesium and lithium. 
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2. An aluminum alloy as defined in claim 1. wherein Constituent C constitutes not less than 5 wt. % and not mo-e 
than 20 wt. %. 

3. An aluminum alloy as defined in claim 1. the aluminum alloy further co- arising not less than 0.1 wt. % and no: 
5 more t.nan 5 wt. % Constituent D comprising one or more kinds of eleme'ts selected from the group consisting of 

niobium, molybdenum, silver, iron, cobalt, tantalum, and tungsten. 

4. An aluminum alloy as defined in claim 2. wherein: 

w Constituent A is zirconium, 

Constituent B is mischmetal, 
Constituent C is magnesium, 

Constituent A constitutes not less than 0.1 wt. % and not more tha* 3 wt. %. and 
Constituent B constitutes not less than 0.1 wt. % and not more tha* 15 wt. %. 

75 

5. An aluminum alloy comprising: 

(1 ) not less than 0. 1 wt. % and not more than 5 wt. % Constituent D comprising one or more kinds of elements 
selected from the group consisting of niobium, molybdenum, silver ron, cobalt, tantalum, and tungsten, 
20 (2) not less than 0. 1 wt. % and not more than 20 wt. % Constituent B comprising one or more kinds of elements 

selected from the group consisting of lanthanum, cerium, praseocvmium. neodymium, mischmetal, calcium 
strontium, and barium, and 

( 3) not less than 0. 1 wt. % and not more than 20 wt. % Constituent C comprising one or more kinds of elements 
selected from the group consisting of magnesium and lithium. 

25 

6. An aluminum alloy as defined in claim 5, wherein Constituent C constitutes not less than 5 wt. % and not more 
than 20 wt. %. 

7. An aluminum alloy as defined in one of the claims 1 to 6, the aluminum a ioy being further provided with an anoctc 
so oxide coating. 

8. An aluminum alloy as defined in claim 7, wherein the anodic oxide coa:ng has a lightness less than 50. 

9. An aluminum alloy as defined in claim 8, wherein: 

35 

the anodic oxide coating is formed on the surface of a base material made of the aluminum alloy, and 
tne base material has an electrical conductivity less than 20 %IAC5. 

10. An a uminurn alloy as defined in claim 8. wherein the anodic oxide coa:-.g is a shade of brown, dark gray, or ca's 
40 brcv.i. 

11. An a.uminum alloy as defined in one of the claims 1 to 6. the aluminur alloy having aluminum crystals and inter- 
metallic compounds. 

45 tr.e aluminum crystals having an average grain diameter of 1.00C -m or less. 

the intermetallic compounds having an average grain diameter o' 500 nm or less. 

12. An a jminum alloy as defined in claim 11. wherein the aluminum crysta s have an average grain diameter of 5"0 
nm less and the intermetallic compounds have an average grain c.ameter of 300 nm or less. 

eo 

13. An a uminurn alloy as defined in one of the claims 1 to 5. the aluminu*- alloy having: 

a hardness H RB not less than 50 and not more than 100. 
a critical upsetting ratio of 70% or more at temperatures not lowe- tnan 200 : C 
55 and not higher than 600 = C, and 

an elongation of 10% or more at 20 - C. 

14. A method for manufacturing an aiuminum-alioy member, the method :cmprising the steps of: 
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(1) producing a preform comprising an aluminum alloy comprising: 

(a) not less than 0.1 wt. % and not more than 8 wt. % Constituent A comprising one or more kinds of 
elements selected from the group consisting of titanium, vanadium, hafnium, and zirconium, 

(b) not less than 0.1 wt. % and not more than 20 wt. % Constituent B comprising one or more kinds of 
elements selected from the group consisting of lanthanum, cerium, praseodymium, neodymium. misch- 
metal, calcium, strontium, and barium, and 

(c) not less than 0.1 wt. % and not more than 20 wt. % Constituent C comprising one or more kinds of 
elements selected from the group consisting of magnesium and lithium: 

(2) heating the preform up to a temperature not lower than 200 'C and not higher than 600 -C at a temperature 
rising rate of not less than 2 c C/sec and not more than 200°C/sec; and 

(3) subjecting the heated preform to hot-working. 

15. A method for manufacturing an aluminum-alloy member as defined in claim 14, wherein the aluminum alloy further 
' comprises not less than 0.1 wt. % and not more than 5 wt. % Constituent D comprising one or more kinds of 

elements selected from the group consisting of niobium, molybdenum, silver, iron, cobalt, tantalum, and tungsten. 

16. A method for manufacturing an aluminum-alloy member, the method comprising the steps of: 

(1) producing a preform comprising an aluminum alloy comprising: 

(a) not less than 0.1 wt. % and not more than 5 wt. % Constituent D comprising one or more kinds of 
elements selected from the group consisting of niobium, molybdenum, silver, iron, cobalt, tantalum, and 
tungsten, 

(b) not less than 0.1 wt. % and not more than 20 wt. % Constituent B comprising one or more kinds of 
elements selected from the group consisting of lanthanum, cerium, praseodymium, neodymium, misch- 
metal, calcium, strontium, and barium, and 

(c) not less than 0.1 wt. % and not more than 20 wt. % Constituent C comprising one or more kinds of 
elements selected from the group consisting of magnesium and lithium; 

(2) heating the preform up to a temperature not lower than 200 : C and not higher than 600 C C at a temperature 
rising rate of not less than 2 2 C/sec and not more than 200°C/sec; and 

(3) subjecting the heated preform to hot-working. 

17. A method for manufacturing an aluminum-alloy member as defined in one of the claims 14 to 16, wherein the step 
of producing the preform includes a step of forming rapidly solidified powders of the aluminum alloy. 

18. A method for manufacturing an aluminum-alloy member as defined in one of the claims 14 to 16. wherein the step 
of producing the preform employs the OSPREY method. 

19. A method for manufacturing an aluminum-alloy member as defined in one of the claims 14 to 1 6, wherein the step 
of producing the preform includes a step of forming powders produced by pulvenzing rapidly solidified ribbons of 
the aluminum alloy. 
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